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Single  Pulse  Hadar 

By 

T'ao  Wanf^-pin^ 

Sin-rle  pulse  radar,  in  precision  of  detection,  resistence  to 

interference  and  data  rate  in  detection,  is  better  than  any  other  t:rpe, 
ti'*- 

At^befjinninn,  it  was  onl^/’  used  to  mnlce  sinf^le-tar-'^et  automat ‘c  precise 
tracking,  and  it  is  now  e’”plyed  to  make  multi-tar'~et  scanniiia  and 
searching. 

The  single  pulse  radar  made  its  debut  in  the  early  1950 's, 
following  the  rapid  development  of  aviation  and  rocket  technology  and 
the  reouirement  for  such  snace  flying  machines  as  /niided  missile  and 
man-made  satellite,  in  f’e  1960's,  this  kind  o''  r-^dar  had  opportunitv 
to  n.ake  a rapid  development,  T’-'.e  introduction, as  well  as  the  de’^elopment^ 
of  single  pulse  radar  is  about  ten  ■"■ears  later  than  that  of  conic  scanning 
radar.  At  its  early  sta  e,  the  sinf^le  ptalse  radar  was  orJ.y  used  to  make 
sin'^lf-taT  et  automatic  precise  track' n'^,  but  it  is  now  used  as  multi- 
target  scanning  radar,  air-borne  early  warning  radar,  multi-function 
intercepting  radar  and  "round  object  searching  radar.  In  the  automatic 
tar'-et  searcher  of  guided  missiles,  it  is  used  as  well.  The  scope  of 
its  usefilness  has  been  rapidly  expandin'^.  In  the  recent  anti-intercon- 
tinental aiided  missile  system,  two  sets  of  ph^se  single  oulse  radar 
are  of' on  used  to  replace  the  past  five  or  six  sets  of  radar  work. 
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c Workin'T  Principles 


Sinple  pulse  rnclar  can  sc  d back  conplete  inform' 


anrpil-ir  position  of  the  tar~et  bv  usinr  onlv  one  echo 


lource  from  v/hich  comes  the  tec'vnical  term  "single  pusle  direction 


There  are  tvro  basic  methods  o'^  sinrlo  nusle  d‘ section 


detection:  the  •’npl'tude  directional  method  and  the 'pha; 


metliod.  It  is  the  amplitude  s'nple  pulse  method  iriich  is  used  more 


at  pi’csent  time.  The  antenna  of  t'lis  kind  of  radar 


un  and  doim,  lef' 


often  pile  one  unon  the  other 


l^ht  vr-'-e  b'.indle  to  detect  azimuth  anmle,  and  the 


arplitude  of  uri-dov.'n  \r\vc  bundle  to  detect  elevation  an^le.  Tie 


principles  allied  to 


comple  el:’-  the 


the  princ'ples  of  detecting  elevation 


The  amplitude 


Pi  aire  T Poiu*  wave  bundles  emitted 
from  amplitude  si'^ple 
pulse  r-’dar  and  f^ey  pile 
one  \ir»on  the  of  er. 


conic  scannnin"  r-'dar,  uses 


the  nrinciple  of  comparinr  si'-nal  net  od 


the  tni'~ot  deviates  from  antenna  .axis  and  inclines  to  the  urner  part 


of  elc'ation  aivtle,  the  echo  \rve  rece'ved  by  wave  biindle  I is  much 


tronmor  than  tl'.at  received  b^r  vrvo  bundle  IT.  After  comnarinf’  the 


stren  -th  of  those  tvro  si-nr.ls. 


i 


r 

I 

I 


i 

i 


the  deviation  an~le  ^ of  t’e  elevation 

an^le  ca.n  be  detemined.  The  difference  betv;een  single  iniloe  radar  -and 

conic  scanning  radar  rests  on  that  sinale  piilse  radar  can  at  the  sane 

tine  enit  two  ua-'e  brndles  and  conpare  the  elevation  angle;  \/iile  the 

conic  scanning  rad''X  can  enit  only 

one  \-rv"o  bundle  '>.nd  it  cannot  be'^in 

to  conpare  t’-'e  elevation  an^le  until 

it  receives  ec'io  wave  from  several 

tines  of  conic  scanning.  Only 

because  such  di''^erencc,  the  sinr’le 

pulse  radar  can  have  the  a'-'^al'^n 

infoimation  by  only  one  pulsation; 

lie  tr.TDical  conic  scanning  radar 

Fir'ne  2 linking  direction  detection  nust  nake  a cycle  of  conic 
by  conparing  the  echo  si'^nal 

of  two  vnve  bundles.  scanninr,  nanely  it  nust  enit 

and  receive  several  ten-tines  of  pulsation  in  order  to  have  the  angular 
infomation  of  the  tar^-et. 

In  .an  article  of  Conic  Scanninr  Radar,  we  have  introduced  the 
fact  that  because  of  t’le  conplexity  of  the  s’lane  of  their  surface,  the 
viberation  in  the’r  flight  and  the  rapid  change  of  flying  pattern,  air 
planes,  uided  missiles  and  ot’nr  flying  bodies  often  produce  a pheno- 
nenon  of  scintillation  (i.e.  t’e  signal  re^*l''ction  follows  the  ups  and 
downs  of  the  flyin.'^  body)  to  the  reflection  of  radar  waves.  The  topical 
conic  scanning  radar  cannot  bc^in  to  detect  direction  and  to  track 
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tar;jet  until  it  conpletos  a cycle  of  conic  scanning.  Because  of  this 


detection  falls  in  between  1 '■nd  2 ni-wei  ( 1 sinale  nulsc 


radar  uses  one  pulse  to  detect  direction  and  track  tar''et,It  can  avoid 


the  ef'’ect  of  reflective  scintillation,  so  its  nrecision  in  direction 


detection  c^jn  re-’ch  as  hiyh  as  about  0.1  mi-wei.  This  is  a significant 


strong  point  of  sin"le  pulse  radar.  Different  sinyle  pulse  radar 


systems  w’lich  arc  used  often  will  be  introduced  as  follows 


The  conpostion  of  •’jnplitude  sinyle  pulse  radar  is  illui 


Fi"ure  the  mechruaical  device  of  emitter  is  not  included  in  the 
?i"ure.  T '.e  v;ave  bundles, ' as. illustrated  in  Fi  au?e  4,  emitted  from  t' e 


ion  anrle,  because  of  f'e  sa-e  nhase  nosition 


ked  wit!:  a sim  Tlicsc  two  wave  bundle 


di stance  detection 


:^^ave  bundle 
1 sirnal 


: !iyh  frequen- 
cy com-arator 


antenna  control 
signal 


wave  bund].e 
11  siynal 


Flfrire  3 Diaqran  of  workihg'princlnles  of  amplitude 
nailse  radar. 


The  Chinese  word  "ni-wei” 

"ujiit  (measurement)  .of  clos( 
"ni-wei"  is  used  in  f is  article 


•ally  means  "close  position"  or 
• Hereafter  a transliteration  of 
— the  translator. 


eucovUiT,ex  in^  .,ae  ^^rret.  and  vn.ll  be  received  by  the  antenna,  Throvi'rh 
comparison  perfomed  tr/  the  hif^h  .fi'equency  conparr.tor,  they  give  si.pnal 
’•+>'  and  signal  Sign-vl  "+"  represents  that  the  directions  of  tv-ro 

intersecting  wave  binvdles  (see  Tigure  4)  are  closed  ajid  added  together 
to  fom  a new  direction  as  indicated  In  Ri'-irc  4 B.  Signal  means 


.he  d'rections  of  vrav’-e  bundle  1 


antenna  antenna 
axis  axis 


ros  ilt  bcco-'’.es  v/lvat  is  illustrated  in 


under  -oos  a course  of  anpli 


A:  the  d'rection 
o-^  two  intersectin- 
v^ave  bundles. 

B:  direction  of  two 
bundles. 

C:  direction  of  the 
difference  of  two 
w-’ve  bundles. 


irnal  to  control  nov^’erent  of  antenn: 


ntenn 


•n"2.  And  by  comparing  the  phase  posit'" on-Jf both  sicnal  "+'J 


and  signal  to  determine  to  which  d-irection' the  antenna  axis  should 


position  and  can  •'.Iso  be  used  as  a dist-vnee  detection  signal.  Because 


it  Is  the  sum  of  tvro  si-nal  bundles 


signal  has  double  strength. 


What  has  been  discussed  above  is  only  ro'^ardin'r  to  t'  e detection 


of  elevation  anf^le.  If  the  azinuth  angle  is  detected  at  the  sai,ie  tL’ie, 
the  oneration  should  be  -in  ’./ith  the  left-ri^h*t  tvro  T/ave  bundles.  After 
passing  th.rough  the  hi-h  frequency  con  arator,  t’-'.e  receiver  .and 
azinuth  receiver  be  In  to  iiovlc.  Then  t'ley  pass  f rough  the  scrutinizer 
and  produce  a«|azirTath  c-^ntrol  si  -nal.  In  fact,  single  pulse  radar  works 
only  by  onploying  one  ”+"  receiver  and  two  receivers,  '^hen  it  works, 
the  up-do\-m  and  left-right  four  v;.ave  bundles  on  "+"  side  are  added 
to'^ethcr.  Tlie  elev-’.tion  angle  wave  bundle  is  formed  by  adding  up- 
left  to  up-ri~ht  and  doam-left  to  doirv-right  ,then  comparing  them.  Tne 
azimuth  .angle  vr.ve  bundle  is  formed  Ir.’’  adding  left-up  to  left-dovm 
and  right-up  to  right  down, then  comparing  them. 


Phase  Single  Pulse  Radar 


Ph.ase  single  pulse  radar  ’xses  pha.se  difference  of  the  receiving 
v/ave  bundle  slgn.al  to  detect  tarret  direction,  and  the  amplit'ide  of 
the  received  sign-’l  is  often  Irrelevant  to  target  direction.  The  four 
mve  bundles  emitted  fi'on  antenna  are  always  parallel  (see  Figure  5). 

The  real  antenna  structTire,  as  illustrated  in  Figure  5,  is  that  an  antenna 


FigiU’e  5 'W.agr.am  of  four 

parallel  wave  bundles 
emitted  from  the  - 
antenna  of  phase 
single  pulse  radar 
(left)  and  t’^eir 

-J. 


which  conprices  four  wave  bundles  is  single  and  separate 


The  principles  of  usinf’  nhase  single  pulse  radar  to  detect 
direction  ar^  presented  in  a dia,arar  in  Pi^.xre  6.  Because  the  antenna 


is  arranged  in  a straight  line,  the  radi-’tive  wave  bundles  are  parallel, 
and  the  iso-si'’nal  direction 

6X- 

(direction  of  antenna  axis)  is  ^ 

exactly  in  front  of  the  antenna 


alrecWot. 


iso-signal  direction 

antenna (direction  of  antenna 
^^^direction  axis) 

radiator,  i/hen  target  is  far  airay  of  target 

reflecting  signal 

rrom  the  antenna,  the  direction  of 

I-^rnire  6 Diagram  of  principles 

target  reflecting  signals  are  nearl:/  phase  direction  detecting. 


parallel  and  the  amplitudes  are  equal, 

but  the  phase  positions  are  not.  As  indicated  in  Figure  6,  the  signal 
in  the  lower  part  has  to  travel  an  a-b  distance  but  not  the  signal  in 
the  upper  part.  However,  the  a-b  distance  is  not  long  and  it  has  no 
significant  effect  on  the  transmission  of  the  strength  of  siuials,  but 
it  can  affect  the  phase  position  greatly.  As  radar  is  a kind  of  micro^^rave 
work,  the  wave  length  is  usually  of  several  cm.  If  a-b  d'stance  is  of 
the  same  len'dih  as  a xnve  length,  it  will  be  360°  when  phase  rxjsition  . 
is  short  by  one  wave  len^'th.  If  a-b  distance  is  one  half  of  a wave 
len'gth,  it  will  be  180°  when  phase  position  is  short  by  half  wave  len'^ih. 
The  len-'t’i  of  a-b  distance,  as  indicated  in  Figire  6,  is  related  to  the 
target  declination  angle  9 . Thxis,  by  detecting  the  phase  position  of 
wireless  current,  the  direction  of  the  target  deviating  awa'"’  from  the 
antenna  axis  can  be  detected,  ^he  structure  of  phase  single  pxilse  radar 
and  that  of  amplitude  single  pulse  radar  are  of  -reat  analo'^  and  snail 
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difference,  and  the  difference  is  onl”  in  the  anpearanco  of  antenna 

He 

and  scmtinizer.  At  present  tine,  most  of  the  s'n''le  pnlse  radar 

A 

use  anplitude  t’Toe  to  work,  and  only  a small  number  uses  phase  t:'’pe 
to  vrork. 


Pseudo-sin, ale  Pusle  Radar 

is  simple  pulse  radar  needs  three-route  receiver  to  vrork,  its 
structure  is  relativel’'  connlicated.  ?or  this  reason,  a new  radar 
systop.  called  pseudo-sin-le  pulse  radar  has  developed.  It  combines 
one  "+”  siynal  and  two  si  mals  to'^ether  and  uses  a one-route  recei"er 
to  work.  v)hen  two  si  -nais  are  coPibined  to-ether,  on  t’-^e  one  hand, 
t-  e:^  enable  the  a*’nlit’jde  of  sin^'le  pulse  signal  to  have  a modulation 
similar  tn  that  the  conic  scanninp  radar  has,  and,  on  f-e  of'sr  hand, 
t’  ey  produce  a renilatinp  si  "•n-’l  also  similar  to  vrfiat  the  conic  scanninp 
radar  has.  Thus  the  tvro  signals  can  separate  after  the  recei'''’er  is 
amplified,  ‘^is  kind  of  pseudo-sinrle  pulse  radar  is  llso  called' a hidden 
conic ■ scanninp  radar,  because  when  it  emits,  it  is  just  like  a single 
pulsed  and  vjhen  it  receives,  it  is  like  a conic  scanninp  one. .Connared 
vri-th  conic  scanninp  radar,  the  pseudo-single  pulse  radar  has  an  out- 
standin'^  quality  th.at  it  is  not  easily  attacked  by  anti-radar  maided 
missile,  nor  is  it  easily  interfered  by  the  inverted  phase  counternovinp 
interference.  But  like  conic  scanninp  radar,  it  can  be  affected  b""  the 
scintillation  of  the  tar-^et  reflectinp  sipnals,  so  its  precis'on  in 
anpular  detection  is  hard  to  impr'^ve,  and  its  precision  is  penerally 
a little  more  than  one  nl-wei.  In  addition  to  combininp  t'-ree-route 
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receiver  into  one  route,  there  are  still  some  ot'-’er  mef'ods,  end 
sometimes  the  throe  routes  c-^n  be  combined  into  t;Jo  to  v;ork.  ^eceuse 
its  structure  is  sirnnle,  f'e  pseudo-sir.f-le  pulse  radar  is,  at  the  present 
tine,  used  raf-er  vndel’^. 

The  \pplication  o''  Sinrle  Pusle  Radar 

The  t'T^ical  sinale  pulse  radar  emT)lo"ed  to  track  intercontinental 
jpiided  missiloi  and  man-m.ade  satellite*  is  illustra^'ed  in  ?i  au:e  t'.  The 
diameter  of  its  antenna  is  3.6  m, , the 
encr'^r  rate  of  eniss’on  is  about  one 
trillion  xra''ts,  the  precision  of  annalar 
detection  reaches  0,1  mi-wei,  error  in 
distance  detection  is  4.6  m. , and  the 
ar'~ot  satellite  is  several 
hundred-miles. 

Timire  brecise  detection 

There  arc  tvm  di''''''eront  kinds  of  sin-^le  pulse  rada" 

used  ''or  trackin'- 

communication  satellite:  the  static  mnr.-made  earth 

satellites. 

communication  satellite  and  f'e  novina 

communicafon  satellite.  Of  a movinrf  communication  satellite,  the 
renuircments  ''or  installation  o^  -round  stat'’'on  arc  ve-"  strict  '>nd 
himh.  But  the  "Tound  staf'on  of  a static  communication  satellite  needs 
onl^r  one  antenna  constructed  tr/’  the  principle  of  sin-'^le  p.ilse  to  connect 
the  commTinication.  •‘■'here  is  one  kind  of  'Tound  'Tuide  station  of  ?TO’'’inR 
commrmication  satelli  te,  w’lich  requires  three  se  s of  single  pulse 
radar  to  work,  as  illustarted  in  mu'e  8.  in  •uisophistic''ted  ".ide 
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station  's  ono  set  phase  sin^^le  pulse  radar  '’.nd  its  antenna  coraprises 
f -ur  parallel  screw-  'rpe  antennae.  In  addition  to  m’-in'-  sinple  a d 


Di-’^'r.an  o^  principles  '"or 
settinr  up  a novin~  aor,- 
rrunication  satellite  'U’cand 
niide  station.  1:  an  :in- 
s'^ph'’ sticated  ‘aiidc  station, 
1;  a sonhist 'c-’-^ed  'Uiidc 
station,  d^cor^puter,  4: 
au^ou-’t'c  (two  ^mrds  blui-re 
in  xp-ox'  tra'^srission,  5: 
installation  of  con  urn' - 
c'^tion  and  auto’-iatlc  trac- 
kin'- s"ster.,  6*  control 
to’jcr. 


skefc’ip  detection  o'*  the 
position  of  co-j-unication 
S'-tellite  in  space,  it  can  also 
be  used  to  receiv-e  the  hi^h 
frquency  distance  detection 
s' anal  eni^ted  b-’clc  "ron  the 
satellite,  i sophistic-'ted 
"uide  sta"''on  is  one  set  of 
ar-'‘’itude  s'.'.'-le  pulse  radar. 

On  the  2'i~ht  side  of 

there  is  a set  o'”  auto- 
nat'c  tracking  radar,  an' 
it  is  '■Iso  '’n  arnlitude 
s'n-le  pulse  radar.  Its 


'■ntenna  is  a earaboloid 
rcflocto"  "^f  radiative  conic 

tnjripet  shape.  The  focal  distance  of  the  naraboloid  is  1'^.2  m.  and  its 


open-iaouth  dianeter  is  ,10.6  m. . The  whole  antenna  is  cohered  bp  an  -ir- 
filled  cover,  of  w'lich  the  dianeter  is  65  n. . The  cou-ami cat ' on  ri'-n-ls 
are  tr'’nsnitted  throu-h  th' s antenna. 


In  the  l''"'e  196C's,  in  the  early  \rarninr  svstem  of  anti-inter- 


continental ballist’c  nissile,  two  kinds  of  nhase  control  sln'-le  pulse 


be-rui  to  be  used.  One  kind  of  the  radnr  c'’n  function  at  a dist'’nce 


of  none  thnji  4000  miles  from  the  miided  missile  and  t'-e  tracking' 
distance  c.an  reach  1600  miles,  fie  ot'icr  kind  is  ^ided  missile  control 
rad^,..and  it  is  mainly  used  to  make  precise  trac’'in"  o^  the  a'tackina 
uided  missile  and  to  control  the  air  defence  mided  missile.  The 
searching  distance  o*'  t’’'is  radar  is  more  than  1000  miles  and  the  d" stance 
of  precise  trac'r'n'j  is  se’’e-"al  ’au.ndreds  o'^'  miles.  ' . 

Because  o''  its  hi”h  precision  in  tracking  and  ^ood  capability 
of  interference  ro3ist'’''co,  sin'-lc  pulse  radar  has  also  been  vridelv  used 
as  air-borne  radar,  '^ere  is  one  k'nd  of  air-borne  multi-function 
sinf;le  pulse  interception  radar,  ''or  example,  v’'ich  c.an  be  used  not  onlp’- 
to  control  the  '~round-to-air  firin'^  mover  s'aster.  .and  '^Iso  carr”  out 

air- “.o- "round  distance  detection,  topoyranhic'’!  3''ur'/e”’,  -round  object 

F 

searchin-  and  yround  trackin  '.  If  a ml-ine  is  eouioed  ’.-d-th  such  kind 
of  radar,  it  can  fly  vmth  hi-h  speed  and  ve'y  close  to  the  T'aund  (or 
sea)  level.  It  can  break  down  the  -round  vigilance  radar  sone  o''  the 
enemy  side  and  it  has  no  d'’n-er  of  pumpin-  on  the  projoctinm  abject  on 
f'.c  round. 

Strong  Points  and  'ioaic  Points  of  Bingle.  Pulse 
Radar  and  The  Trend  of  Its  Development 

Compared  with  conic  scanning  radar,  the  single  pulse  r.adar  has 
the  ''ollowing  strong  points:  "ood  capability  of  interference  resistance; 
not  affected  inverted  phase  countomoving  interference;  not  eas'"’  to 
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be  attacked  h^r  , anti-radar  gnided  missile;  hiah  precision  of  detection; 
not  affected  b’.”  the  scintillation  made  by  tar -et  .amplitude;  and 
error  in  direction  detection  is  0,1  mi-wei.  Its  antenna  is  very'yood. 

It  can  ’ase  the  lar~est  amplitude  direction  of  "+"  wave  bundle  to  take 
alm  atj^tar -et.  Its  functional  distance  can  the aeforc  be  incroaded 
to  achieve  a hi  -h  data  rate.  ’.Jhen  sinyle  pulse  radar  emits  one  pulse, 
it  can  obtain  conple'e  in''ormation  o^  the  tar^^et  pos'tion;  w’-ile  the 
conic  scanriny  radar  must  emit  ^our  to  ten  pulses  for  the  sa’-e  pirrpose 
(the  so-called  data  rate  is  the  count-down  of  time  required  for  one 
collection  of  information  from  the  tar  -et  in  a '^"'ven  air  space),  ^ur- 
thrrm.ore,  t':e  noise  control  has  improved,  the  s^’.ngle  pulse  radar  has 
no  mechanic.al  structure  o^  the  conic  scannin'-  radar,  A^;hich  is  always  ^ 

t 

one  source  of  noise,  j 

i 

Single  pulse  radar  has  the  following  weak  points:  the  feedback  , 

line  of  the  antenna  and  hi"h  'h’equenc’'  comparator  is  relativel''  com- 
plicated; the  desi-yi  and  maniifact’-rin^,  the  production  -ind  ad.lustmont 

the  receiver  ore  all  relativelv  complicated  and  the  cost  is  hi'*h.  ^ 

I ' 

So  far  as  the  de-elopment  of  s*n''le  pulse  techno lo"'"  is  concerned,  ] 

this  kind  of  anmilar  track  toc'inolo'y,  like  movin^-t-’r-et  indicator,  | 

pulse  comnression  and  nulse  Doppler  technology,  will  be  regarded  as 
a radar  technolo  a’-  and  anplied  to  other  radar  system.  Of  the  single  pulse  ; 

i 

radar,  which  is  now  bein-^  studied  and  manufactured,  the  precision  in 

i 

I 

angular  detection  has  reached  0,05  ni-wei.  It  ’s  estimated  f'at  by  the 

i 

I 
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late  197  O's,  the  precision  will  be  further  improved.  At^ present  time, 
in  addition  to  the  improvement  of  precision  in  ar.fnilar  detection, 
single  pulse  radar  has  further  solved  the  problem  of  detectino'  unilti- 
tar-’et  of  hi-h  noveability,  especially  the  detection  of  the  separate 
■miidinp  t'-e  ro-entr’r  of  multi-warheads  into  "uided  missile.  It  also 
solved  the  problem,  of  t'"e  interference  o*'  the  mround  ob.iect  when  the 
tar-ot  is  i.n  low  altitude,  ^or  the  former,  the  solution  is  that  sin<yle 
pulse  syste.m  combines  with  phase  control  technolo^jy,  and  for  the  latter, 
the  solution  is  that  the  sinrle  pulse  srstem  combines  ’.aith  pulse  Doppler 
technolo'^’’.  To  S'lm  up,  sinr^le  pulse  rada^  in  modern  radar  tec’'’nolog7/’ 
is  a new  smstem,  which  is  of  Important  s' mni^'icance  and  in  rapid 
development . 
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